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30
Maximizing anabolic responses to feeding and exercise is crucial for muscle maintenance and 31 adaptation to exercise training. We hypothesized that enriching a protein drink with leucine 32 would improve anabolic responses to resistance exercise (RE: 6×8 knee-extension repetitions 33 at 75% of 1-RM) in both young and older adults. Groups (n=9) of young (24±6 y, BMI 23±2 34 kg.m -2 ) and older men (70±5 y, BMI 25±2 kg.m -2 ) were randomized to either: (i) RE 35 followed by Slim-Fast Optima (SFO 10 g PRO; 24 g CHO) with 4.2 g of leucine (LEU) or, 36
(ii) RE+SFO with 4.2 g of alanine (ALA; isonitrogenous control). Muscle biopsies were 37 taken before, immediately after, and 1, 2 and 4 h after RE and feeding. Muscle protein 38 synthesis (MPS) was measured by incorporation of [1, 2- Ingestion of protein at rest (1) or after resistance exercise (RE) (2) stimulates muscle protein 54 synthesis (MPS) through anabolic signaling (mechanistic target of rapamycin (mTOR) 55 signaling pathway) in both young and elderly muscle (3,4). However, synthetic responses 56 after acute resistance exercise in fasted (4) and postprandial states (5) and in response to 57 feeding alone (6-9) have been shown to be blunted in older age. Since basal muscle protein 58 turnover in the post-absorptive condition in healthy old people is found to be similar to rates 59 in young muscle (6,9) these blunted responses of elderly muscle seem to be key factors in the 60 aetiology of their gradual age related muscle loss and would thus be a target for intervention 61 to prevent or slow the progression of sarcopenia. 62 63 Post-exercise ingestion of nutrients (protein and essential amino acids (EAA) with or without 64 CHO) has been shown to elevate MPS above that measured following RE alone in both young 65 (10-12) and elderly individuals (3,13) primarily due to EAA (14-16) and particularly leucine 66 (17, 18 ) (at least in young individuals). Although leucine, and other EAA (19) have been 67
shown to stimulate MPS in humans acutely over 90 min, it is unlikely that this anabolic effect 68 would be sustainable without provision of other EAA which would become limiting for MPS; 69 clearly this is not a viable long term strategy to promote MPS and muscle growth, but it may 70 provide a route by which MPS can be maximised when protein intake is low or insufficient to 71 maximally stimulate MPS i.e. less than 20g in any meal. following explanation of the study protocol and procedures and any associated risks. Groups 99 of 27 young and 27 older men were recruited for the exercise ± nutritional intervention 100 studies (Subject Characteristics, see Table 1 ). All our recruits were physically independentM A N U S C R I P T
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Leucine enhances response to exercise in ageing and healthy. Screening procedures included a clinical history, physical examination, 102 electrocardiogram, by a qualified physician. In addition a full blood count, coagulation 103 profile, fasting blood glucose, and markers of liver, kidney, and thyroid function were 104 assessed. Subjects were excluded if they had a history of metabolic disease (e.g. diabetes, 105 thyroid disorders, obesity, anaemia, cancer) and any of the following cardiac, pulmonary, 106 liver, kidney, vascular (including clotting) disorders, and poorly controlled hypertension; also 107 excluded were those who showed evidence of alcohol abuse, palpable muscle wasting, 108 corticosteroid use or the inability to discontinue aspirin therapy. Older subjects with mild 109 controlled hypertension (<140/90 mm Hg) were admitted to the study, but refrained from 110 taking medication on the study day. Cambridge Isotopes Limited, Cambridge, MA, USA) was then initiated (at 0 h) immediately 159 after the first biopsy and continued for 7 h. After taking biopsies at rest at 0 and 2.5 h in the 160 post-absorptive pre-exercise state, the subjects performed 6 sets of unilateral leg extensions at 161 a moderate contraction velocity (1-2 s concentric, 1-2 s eccentric) and 75%of 1-RM, with 162 three min rest in between sets. After RE, each subject took first 4.2 g of alanine or leucine 163 capsules and then SFO 30 min later (on the basis of feeding optimization studies described 164 below, to ensure peak appearance coincided). Subjects in the rest group first took 4.2 g of 165 leucine capsules and then SFO at 30 min following their 2 nd muscle biopsy. Muscle biopsies 166
were taken under sterile conditions from the m. vastus lateralis under local anaesthesia (1% 167 lignocaine) using our standard conchotome technique. The muscle tissue was washed in ice 168 cold saline to remove excess blood, and dissected free of visible fat and connective tissue, 169 then snap frozen in liquid nitrogen and stored at -80°C prior to analysis. After the study, 170 cannulae were removed; the subjects were fed and assessed for 30 min before being escorted 171 home. The protocol scheme is shown in figure 1 . with Bonferroni post hoc test and Student's t-test were used to identify statistical differences 211 as a result of age and treatment. Significance was accepted as P <0.05. 212
213

RESULTS
214
Plasma amino acid concentrations 215
The results clearly show higher plasma essential amino acid concentrations after SFO in all 216 groups following the resistance exercise, which was further significantly enhanced with the 217 addition of leucine in both groups and the time course of this rise was similar in both young 218 and older group. Thus we achieved the aim of increasing the availability of leucine, as a 219 prerequisite to testing the hypothesis that it would improve the metabolic responses of MPS 220 and cell anabolic signalling after resistance exercise. 221
222
Myofibrillar protein synthesis (MPS) and p70S6K1 phosphorylation 223
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Leucine enhances response to exercise in ageing On examination of the responses of MPS (Fig 4): 1 This study has provided novel information, that it is possible to further enhance MPS by 237 giving leucine enriched suboptimal protein supplementation immediately after exercise. 238 Specifically, ingestion of 325 ml of CHO + PRO drink containing 5.2 g of leucine in total 239 (i.e. ~1g from protein plus 4.2 g in capsules) immediately after an acute bout of RE at 75% 240 1RM markedly enhanced MPS and p70S6K1 responses of the older men such that their rates 241 were similar to those of the young. We purposely provided SFO containing ~4.5 g of EAA to 242 our subjects in both leucine and alanine groups following the resistance exercise as it was 243 recently shown that ingestion of 20 g intact protein (~8.6 g EAA) was sufficient to stimulate 244 MPS maximally (1). Thus we expected therefore, that addition of free-leucine to 10 g whole 245 protein would have an additive effect on MPS. Leu yielded an improvement in MPS similar to a whey plus leucine (2.25 g) only group (14). 268
Which supports previous findings of ours suggesting that EAA other than leucine i.e. 269 phenylalanine valine and threonine are also capable of promoting MPS acutely and anabolic 270 signalling when administered as a large bolus (19, 27) , suggesting the recently proposed 271 "leucine trigger" hypothesis (28) needs to be revised. 272 M A N U S C R I P T
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Leucine enhances response to exercise in ageing On the other hand, the present data is in contrast with recently published study by Koopman 273 (29) , who showed that co ingestion of leucine with carbohydrate and protein (4.7 g leucine 274 vs.17.6 g leucine over a 6h period) following physical activity did not further elevate MPS in 275 elderly men, despite whole body protein balance being 2.8% greater (p<0.05) in the higher 276 leucine group. The apparent discrepancy is likely explained by the fact that in the present 277 study, post-exercise MPS responses following the RE and nutritional supplementation were 278 Despite demonstrating a blunted response of myofibrillar protein synthesis to exercise in the 309 elderly in postabsorptive state (4), we saw no differences between MPS responses to feeding 310 plus RE between the young and elderly subjects. This lack of an obvious "blunted" response 311 has been observed previously at low levels of protein or EAA feeding (6) and may represent 312 an analytical limitation of the technique in detecting small differences between the groups. 313
Despite this, in the present study, we observed an enhanced MPS response in old SFO+LEU 314 group, identical to those seen in young, and interestingly MPS was still elevated at 4h after 315 
